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wln~s eed was f s nd e rly constant ~bove --50° Iatltude.
-@@n&+t%~w~%}-k&#  solar wind-fast (high-latltude) solar wind, The radial
ma&etlc field did not chartge with latitude, Implylng that polar cap magnetic fields are
transported toward the equator. The intensity of galaotlc  cosmic rays was nearly inde-
pendent of Iatltude. Their access to the polar region Is opposed by outward-travellng,
large-amplitude waves In the magnetic field.

The goal of the Ulysses mission was to
escape the confines of the solar equator,
whete all previous measurements had been
made, and to reach the vicinity of the sun’s
poles (1). The spacecraft, launched on 6
October 1990 from the space shuttle, used
three upper strrgcs to escape the Earth’s
gravity en route to Jupiter. The encounter
with Jupiter on 11 February 1992 rotated
the orbit 80° relative to the solat equntor.
The resulting flight prrth (Fig. 1) passed
under the south pole of the sun, returned to
the ecliptic (March 1995), and will pass
over the north pole (June through Septem-
ber 1995). Ulysses reached a msrximum lat-
itude of -80.22° on day 256 (13 Septem-
ber) of 1994 (Fig. 2). The radial distance
from the sun at thrtt time was 2.29 astro-
nomical units (AU).

Ulysses spins at 5 revolutions per minute
about the center line of a high-gain anten-
na pointed at Earth. The spacecraft con-
tains nine body-mounted hardware experi-
ments (2). Four sensors lie along an equa-
torial boom. Two long wires in the equator
and a third depioyed along the. spin axis are

,radio- ttnd pl
experiments
comprehensive measurements of essentially
all of the fields and particles of scientific
interest without gaps in energy or frequency
coverage.

The sun’s outer atmosphere (3), which is
normally visible only at times of eclipse,
consists of two distinct regions: a natrow
shell (the chromosi>here)  lying just above
the solar surface (the photosphere) and a
more extended highly structured upper at-
mosphere (the corona). At the high tem-
peratures and low densities in these regions,
the solar gas is a completely ionized plasma
consisting solely of electrons and the elec-
trically chrrrged  atoms (ions) from which
they have been removed. A conversion of
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random thermal motion into directed mo-
tion, analogous to that occurring iu a rocket
engine, causes part of the corona to flow
outward as the high-speed solar wind.

The sun, like most planets and other
stars, is magnetized. Electrical currents in-
side the sun produce magnetic fields that
extend upward through the surface and into
the atmosphere. The magnetic fields im-
pose a large-scale rrtructute  on the corona.
Near the equator, the magnetic lines of
force begin and end in the photosphere to
form loops (closed field lines), ?hese field
lines are customarily stretched out and ap-
pear as visible coronal structures called
streamers. At high latitudes, the field lines
can have one end on the t.un with the other
end extending radially outward (open field
lines). In these regions, the plasma contin-
uously flows into space, and the lower den-
sity that results causes dark regions called
coronal holes.

As the sun rotates, the solar wind in the
ecliptic alternately comes from low and
high rnagnetlc  latitudes, and its speed varies
from low to high values. Before teaching
the orbit of Earth, the high-speed wind
overtakes the slower wind and compresses it
to form regions of piled-up magnetized plas-
ma (corotating interaction tegions).  This
interaction can lead to the generation of
collisionless shocks rtnd the local accelera-
tion of particles to high energies.

The solar wind expands and pushes the
nearby interstellar piasma out of the solar
system to an estimated distance of about
100 AU to fortn the heliosphere  (4). Inter-
stellar gas is only partially ionized and neu-
tral atoms (mostly hydrogen and helium)
can enter the hehosphere  directly as can
interstellar dust. Galactic cosmic rays,
atomic nuclei accelerated to relativistic
speeds in distant cataclysmic events, also
enter the heliosphete  but are strongly af-
fected by the solar wind magnetic fields.

The recent polar pass by Ulysses showed
that the solar wind (5) increased in speed
from -400 to -750 km/s. Up to a latitude
of --3o” (approximately the tilt angle of
the sun’s magnetic dipole), large variations
in speed were seen at the solar rotation
period of -26 days. Above --50° latitude,
the solar wind became nearly constant in
speed and was coming from a cotonal hole
covering the south polar cap.

The heavy-ion compositions of the slow
(iow-latit~de) and fast (high-latitude) solar
wind were markedly different, with sharp
compositional boundaries between the two
types of flow (6). Magnesium, wh{ch ionizes
relatively easily, was more abundant than
oxygen in slow streamk,  but the Mg/O ratio
changed abruptly between slow and fast
streams. The abundances were not what
would be expected for ions fotmed in the
hot corona but are representative of values
in the lower temperature chromosphete.

Measurements of the radial component
of the magnetic field, which is most easily
telated to the global solar magnetic field,
failed to show a latitudinal gradient (7).
13ecause remote sensing solar measure-
ments reveal a well-developed dipolelike
magnetic field, magnetic flux from the
poles is being moved toward the equntor to
yield a uniform field, Models used in the
past, which have ignored the effect of
magnetic stresses on solar wind accelera-
tion, must be reexamined.

Before Ulysses, it was anticipated that
the flux of cosmic rays would be much
greater in the polar regions  than near the

Fig. 1. The flight path of
Ulysses from launch to
the end of the prfms nris-
don. The sdenliflo re-
qulremsnts  Imposed on
the trajectory design
were to spend  es much
We es possible above
~ 70” latit~de smd to
aohisve the highest pbs-
slble latitude, The epaoe
craft will .conllnus  to fd-
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The goal of the Ulysses mission was to
escape the confines of the solar equator,
where all previous measurements had been
made, and to reach the vicinity of the sun’s
poles (1), The spacecraft, launched on 6
October 1990 from the space shuttle, used
three upper stages to escape the Earth’s
gravity en route to Jupiter. The encounter
with Jupiter on 11 February 1992 romtecl
the orbit 80° relative to the solar equtitor.
The resulting flight path (Fig. 1) passed
under the south pole of the sun, returned to
the ecliptic (March 1995), and will pass
over the north pole (June through Septem-
ber 1995), Ulysses reached a maximum lat-
itude of –80,22° on day 256 (13 Septem-

ker) of 1994 (Fig. 2), The radial distance
from the sun at that time was 2.29 astro.
nomical units (AU).

Ulysses spins at 5 revolutions pi minute
about the center line of a high-gain anten.
na pointed at Earth. The spacecraft con.
tains nine body-mounted hardware experi-
ments (2). Four sensors lie along an equa-
torial boom. Two long wires h-r the equator
and a third deployed along the spin axis are
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reprehensive measurements of essentially
all of the fields and particles of scientific
interest without gaps In energy or frequency
coverage.

The sun’s outer atmosphere (3), which is
normally visible only at times of eclipse,
consists of two distinct regions: a narrow
shell (the chromosphere)  lying just above
the solar surface (the photosphere) and a
more extended highly structured upper at-
mosphere (the corona). At the high tem-
peratures and low densities In these regions,
the solar gas is a completely ionized plasma
consisting solely of electrons and the elec-
trically charged atoms (Ions) from which
they have been removed. A conversion of
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random thermal motion into directed mo-
tion, analogous to that occurring in a rocket

, engine, causes part of the corona to flow
outward as the high-speed solar wind.

The sun, like most planets and other
stars, is magnetized, Electdcal currents in-
side the sun produce magnetic fields that
extend upward through the surface and into
the atmosphere, The tnagnetic fields im-
pose a large-scale mructure on the corona.
Near the equator, the magnetic lines of
force begin and end in the photosphere to
form loops (closed field lines). These field
lines are customarily stretched out and ap-
pear as visible coronal structures called
streamers. At high latitudes, the field lines
can have one end on the sun with the other

‘ end extending radially outward (open field
lines). In these regions, the plasma contin-

uously flows into space, and the lower den-
sity that results causes dark regions called
coronal holes,

As the sun rotates, the solar wind in the
ecliptic alternately comes from low and
high magnetic latitudes, and its speed varies
from low to high values. Before reaching
the orbit of Earth, the high-speed wind
overtakes the slower wind and compresses k
to form regions of piled-up magnetized plas-
ma (corotating interaction regions), This
Interaction can lead to the generation of
collisionless  shocks and the local accelera-
tion of particles to high energies.

Fig. 1. The rllght path of
Ulysses from launch to
the end of the ptima nb
don. The sclentifb re-
qulrmt.9 imposed on
the trajectory design
were to spend  es much
time as possible above
*70” latitude and to
echleve the hif$!erd pbs-
slble latitude. The 8pace-
craft wIII continua to fd-
bwths highly Inclined el-
Hpee  for at least the next
swerel hundrd years.

The solar wind expands and pushes the
nearby interstellar plasma out of the solar
system to an estimated distance of about
100 AU to form the heliosphere  (4), inter-
stellar gas is only partially ionized and neu-
tral atoms (mostly hydrogen and helium)
can enter tie hel{osphere directly as can
Interstellar dust. Galactic cosmic rays,
atomic nuclei accelerated to relativistic
speeds In distant cataclysmic events, also
enter the heliosphere but are strongly af-
fected by the solar wind magnetic fields.

The recent polar pass by Ulysses showed
that the solar wind (5) increased in speed
from -400 to -750 km/s. Up to a latitude
of --30° (approximately the tilt angle of
the sun’s magnetic dipole), large variations
in speed were seen at the solar rotation
period of-26 days. Above --50°  latitude,
the solar wind became nearly constant in
speed and was coming from a coronal hole
covering the south polar cap.

The heavy-ion compositions of the slow
(low-latitude) and fast (high-latitude) solar
wind were markedly different, with sharp
compositional boundaries between the two
types of flow (6). Magnesium, which ionizes
relatively easily, was more abundant than
oxygen in slow streams, but the Mg/C) ratio
changed abruptly between slow and fast
streams. The abundances were not what
would be expected for ions formed in the
hot corona but are representative of values
in the lower temperature chromosphere.

Measurements of the radial component
of the magnetic field, which is most easily
related to the global solar magnetic field,
failed to show a latitudinal gradient (7).
Because remote sensing solar measure-
ments reveal a well-developed dipolelike
magnetic field, magnetic flux from the
poles is being moved toward the equrstor  to
yield a uniform field. Models used in the
past, which have ignored the effect of
magnetic stresses on solar wind accelera-
tion, must be reexamined,

Before Ulysses, it was anticipated that
the flux of cosmic rays would be much
greater in the polar regions than near the
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lable 1. The nine herdware end two radio experknente  on board Ulyese9.  MPAs,  MPE, end MPK are
Lfnlverslty of Callfcwnia,

lnve911gatlon Acronym Prlrrclpal investigator Measurement
—— ——

Magnetic field VHfvVFGM

Solar wind plasma SWOOPS

Solar wind Ion SWlcs
Composition

Radio and plasma waves URAP

Energetic particles and EPAC/GAS
Interstellar neutral gas

Low-energy Ions and HISCALE
electrons

Cosmic rays and solar COSPIN
particles

Solar x-rays and cosmic QRB
gamma-ray bursts

Cosmic dust DUST

Coronal sounding SCE

Gravltatlonal waves GWE

ecliptic, In the polar caps, the radial mag-
netic field was expected to allow easier
access of the cosmic rays to the heliosphere.
However, the cosmic ray observations from
I.]lysses showed only R slight increase from
the equator to the poles (8),

Large-amplitude, long-period magnetic
waves were continuously ptesent  in the flow
from the polar coronal hole (7), The waves
cause the field direction to vary continu-
ously. The wave forms are irregular, cover-
ing a broad band of wavelengths, and con-
stitute a form of turbulence. Correlations
between the magnetic field and solar wind
velocity show that they are Alfv4n  waves
propagating outward from the sun. The
longest wavelengths are comparable to the
radii of gyration of the cosmic rays and are
thought to be impeding their entry into the
polar region. The origin of the waves and
their effect on the solar wind are alao rec-
ognized as important issues,

These and other results reported in the
accompanying articles are causing a revi-
sion in many of our preconceived ideas
regarding the solar wind and the helio-
sphere. The observations have been ob-
tained near sunspot minimum, when the
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Fig. 2, Redlai  dlstanoe from the sun (dotted line)
and heliographic iatltude (sold he) of Ulysses
while In the polar raglcns,  The radial distance Is
given In astrcnomloal  rmlte, The maximum hallo-
graphlo Iatltude reached wa.a beyond -80°, The
polar cap Is defined as the regkm above -70°, S,
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sun is in a partlculatly simple state. It will
also be important to compare the present
observations with those obtained next sum-
mer when Ulysses passes over the sun’s
north polar regions.

In the intervening intctval, Ulysses will
pass through perihelion at 1.34 AU and, as

&d [6] U
Table 2. Interdleclpllnary studies end their team ieach &:4k&r@ta~
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the spacecraft approaches the sun, will gain
speed. The Iatit ude gradiems in all of the
important physical parameters will once
again be surveyed, this time over a much
shorter time interval, which will help dis-
c r imina te  against time vmltitiolts dmt
might masquerade as spatial variations,

After the spacecraft reaches +- 70° on 29
September 1995, it will once again head out
toward the orbit of Jupiter at 5,3 AU, The
orbital period of Ulysses is 6.3 yearn, so that
on the next revolution around the sun, the
spacecraft will pass over the Kzuth and
north polar regions during the coming solar
maximum in 2000 and 2001,
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ecliptic. In the polar caps, the radial mag-
netic field was expected to allow easier
access of the cosmic rays to the heliosphere,
However, the cosmic ray observations from
l_31Ysses  showed only rr slight Increase from
the equator to the poles (8).

Large-amplitude, long-period magnetic
waves were continuously present in the flow
from the polar coronal hole (7). The waves
cause the field direction to vary continu-
ously. The wave forms are irregular, cover-
ing a broad band of wavelengths, and con-
stitute a form of turbulence. Correlations
between the magnetic field and solar wind
velocity show that they are AlfWn waves
propagating outward from the sun, The
longest wavelengths are comparable to the
radii of gyration of the cosmic rays and are
thought to be impeding their entry into the
polar region. The origin of the waves and
their effect on the solar wind are also rec-
ognized as important issues.

These and other results reported in the
accompanying articles are eattsing a revi-
sion in many of our preconceived ideas
regarding the solar wind and the helio-
sphere, The observations have been ob-
tained near sunspot minimum, when the
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while In the polar reglow  The radial distance Is
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WSPNO Iatltude  reached was beyond -SOO, The
polar cap Ie defined se the region above --70”,  S,
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urn Is in a particularly simple state. h will
rho  be important to compare the present
observations with those obtained next sum-
mer when Ulysses passes over the sun’s
north polar regions.

In the intervening intcrvel, Ulysses will
pass through perihelion at 1.34 AU and, as

Table 2. Interdlaclpllnary  studies and their team Iaadel
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Researcher

sc’ontlrtultles M. Schu!z, Lookheed Pelo Alto Research Laboratory (UW
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Solar wind outflow A. Barnes, Arnea Research Center (USA)
CQrnats
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the spacecraft approaches the sun, will gnin
speed. The latitude gradients in all of the
important physical parameters will once
again be surveyed, this time over a much
shorter time interval, which will help dis-
criminate against time varuitions dMt
might masquerade as spatial variations.

After the spacecraft reaches +-70° on 29
September 1995, it will once again head out
toward the orbit of Jupiter at 5.3 AU. The
orbital pericd of Ulysses is 6.3 years, so that
on the next revolution around the sun, the
spacecraft will pass over the south and
north polar regions during the coming solar
maximum in 2000 and 2001.
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